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ABSTRACT 
The effects of varying external  concentrations  of normally occurring cations  on 
membrane potentials in the lobster giant axon have been studied and compared with 
data presently available from the squid giant axon. A decrease in the external  con- 
centration of sodium ions causes a reversible reduction in the amplitude of the action 
potential and its rate of rise.  No effect on the resting  potential was detected.  The 
changes are of the same order of magnitude, but greater than would be predicted for 
an iffeal sodium electrode. Increase in external potassium causes a decrease in resting 
potential,  and a  decrease in potassium causes an increase in potential.  The data so 
obtained are similar to those which have been reported for the squid giant axon, and 
cannot be exactly fitted to the Goldman constant field  equation.  Lowering external 
calcium below 25 rn~ causes a reduction in resting and action potentials, and the oc- 
casional occurrence of repetitive activity. The decrease in action potential is not solely 
attributable  to  a  decrease  in  resting  potential.  Increase  of  external  calcium  from 
25  to 50 m~ causes no change in transmembrane potentials.  Variations of external 
magnesium  concentration  between  zero  and  50  m~r  had  no  measurable  effect  on 
membrane potentials. These studies on membrane potentials do not indicate a  clear 
choice between the use of sea water and Cole's perfusion solution as the better external 
medium for studies on lobster nerve. 
A lobster giant axon preparation has recently been described by Tobias and 
Bryant  (1955).  These  investigators  were,  in  part,  looking  for  a  preparation 
to substitute  for the  squid  giant  axon,  a  biological tool which,  as  they point 
out, has a rather limited and only a  seasonal availability. In this laboratory we 
have  been  confronted with  the  same  problem  and  have  also found a  lobster 
giant axon an excellent preparation for certain types of experiments.  However, 
not only did we want a giant axon preparation to use when squid were unavail- 
able,  but  we  also  desired  a  preparation  with  which  to  compare  some  of the 
results that have been obtained on the squid axon. A  number of experiments, 
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especially those  concerned  with  ionic  currents  across nerve membranes  (see 
Cole, 1949; Hodgkin and Huxley, 1952), have been done only on cephalopods, 
and it seemed to us very important to be able to repeat them on other prepara- 
tions.  The question  of the  adaptability of certain of the  techniques  (such as 
"voltage damp" experiments)  used on the  squid  to the  considerably smaller 
lobster  axon  is  still  under  investigation  in  this  laboratory.  However,  other 
results from the  squid  may be  readily  compared with  any preparation  into 
which it is possible to get a microelectrode. Testing the effects of external ions 
is one such investigation. Not only is this information necessary before further 
experiments with ionic currents can be done, but it is also important in deciding 
which sort of perfusion solution to use. 
This investigation of the effects of changes in external ion concentration on 
membrane potentials (resting and action potentials) is a first step in the evalu- 
ation of the lobster giant axon as a  preparation suitable for the study of ionic 
currents. 
Materials and Methods 
Lobsters (Homarus americanus) were obtained from the local  fish market, where 
they arrive twice a week by refrigerated truck from the vicinity of Gloucester,  Mas- 
sachusetts. They were stored in sea water tanks equipped with an aerating-filtering 
system in a cold room at about 36°F. 
Our nerve preparation differs from that described  by Tobias and Bryant in that 
they used the third pair of connectives  of the ventral nerve cord in the thorax, while 
we  used  the  first pair,  the  circumesophageal  connectives.  The  circumesophageals 
are somewhat more easily obtained than other thoracic connectives, and they yield 
a longer nerve. Dissection was from the dorsal side;  the circumesophageals  are easily 
seen after removal of the carapace and thoracic viscera. It is necessary to remove only 
the first plate of the endoskeleton (the first sternal apodeme) to uncover the point at 
which  the  connectives join  at  the  subesophageal ganglion.  The clrcumesophageals 
are then tied off and removed singly.  An average sized lobster (1~ to 1~ pounds) 
gives about a 3 cm. length of nerve. The nerve sheath is easily removed by slitting 
longitudinally with iridectomy scissors,  and gently pulling away. The giant axons 
are on the surface of the nerve, and may be easily seen under a low power dissection 
microscope.  There  are  three  giants  in  each  connective in  the  circumesophageals, 
which  is in contrast to the  two pairs reported by Tobias and Bryant in  the  third 
pair of connectives.  The diameter of the giants from lobsters of the size used was 
approximately 100 micra. The single giants may be readily dissected  from the rest of 
the nerves in the bundle, but since they lie on the surface it is unnecessary to do so 
for intracellular recording,  and indeed  it is even better not to, since  they are better 
supported for microelectrode penetration undissected,  and are not subjected  to the 
additional handling necessary for separation. 
A diagram of the nerve chamber is shown in Fig.  1. The nerve was placed across 
the  stimulating electrodes,  then held  in  place below  the perfusion fluid  level in  a 
V-groove by four nylon cross-pieces. The posterior portion of the nerve was placed JOHN C.  DALTON  531 
across the stimulating electrodes and was not desheathed because the occasional small 
branches make the process more difficult in this region. The giant axons, however, 
do not show branching throughout the length of the connectives. The microelectrode 
penetration was made somewhere in the V-groove in any one of the three giants, by 
means of a micromanipulator. No differences in the responses of the three giants could 
be distinguished. 
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Fro. 1.  Diagram of the lucite nerve chamber. 
There is a lack of unanimity as to what should be used as lobster perfusion solution. 
Some investigators have used a  perfusion solution worked out for the lobster heart 
by W. H. Cole (1941)  (e.g. Adelman, 1956).  There is some question, however, as to 
how suitable this solution may be for lobster nerves. It is based in part on analyses 
of lobster blood, but  the actual criterion for the final formula which  was adopted 
was how long it allowed the heart to beat with constant amplitude. This in turn in- 
volved the use of a buffer which would retain its buffering properties over a consider- 
able period of time in a heart chamber. For this purpose, Cole used boric acid buffer, 
making the final concentration of borate almost 9  millimolar. This seems to  be a 
rather large concentration of an ion which may not occur in lobster blood at all. As 
Cole states, it had no detrimental effect on the beating of the heart, but whether one 
can rule out any measurable effect on nerve response is an unresolved question. Other 
investigators have used  sea water  as a  peffusion  solution for lobster  (Tobias and 
Bryant,  1955),  but this also seems unsatisfactory, since there are considerable dis- 532  EXTERNAL  IONS  ON  LOBSTER  GIANT  AXON 
parities  in concentration of magnesium and  sulfate  between  sea water  and  lobster 
blood, and lesser differences in potassium concentration. 
A comparison of Maine sea water, lobster serum from Maine lobsters, and Cole's 
lobster heart solution, taken from W. H. Cole (1941) is listed below: 
N&  K  Ca  Mg  CI  SO, 
Lobster serum  454  9.3  18.6  9.0  472  5.0 
Cole solution  452  15.0  25.0  8.0  525  4.0 
Maine sea water  458  8.5  11.4  52  500  32 
The solution which we used as a standard had the following composition: 
Na  K  Ca  Mg  Cl  SO, 
465  10  25  8  533  4 
The additional sodium is added to make up the difference after removal of the borate 
buffer which Cole used, and the reduction in potassium content. We used a few drops 
(less  than  1 miUimolar)  of phosphate buffer (sodium phosphates)  or a  few drops of 
tris buffer (tris (hydroxymethyl) aminomethane), to bring the pH to 7.3-7.5. Either 
buffer worked satisfactorily. The potassium was reduced  to make its concentration 
more nearly that of lobster  blood, and  to make our resting potential values com- 
parable to the ones obtained by Tobias and Bryant, who used sea water containing 
about  10 nua potassium for perfusion fluid  (Tobias, personal communication). The 
solution  incorporating  these  changes  proved  to  be  quite  satisfactory  in  our 
experiments. 
The perfusion solution or experimental solution was fed into one end of the chamber 
by gravity, flow rate being determined by a variable pinch-damp. Just prior to enter- 
ing the chamber, the solution flowed through a stainless steel tube submerged in an 
ice bath, maintaining the solution temperature in the chamber at 12-15°C. at a flow 
rate of about 5 cc./minute. The circulating solution was maintained at a convenient 
level by withdrawal through a hypodermic needle attached to a vacuum line. Micro- 
electrodes were drawn from 0.8 ram. o.d. pyrex tubing in a  Brinkmann puller.  Tip 
diameters  averaged  1  to  2  micra,  and  the  microelectrode resistance  was  ~  to  1 
megnhm for tips filled with 3 ~ KCI. Recording and external reference electrodes were 
ealomel half cells. The signal was fed to a broad band electrometer preamplifier with 
a gain of five CI. W. Moore, unpublished data), then to a Tektronix  type 531 oscil- 
loscope equipped with a high gain D.c. plug-in preamplifier. The signal was also fed 
to a Leeds and Northrup speedomax milllvolt recorder for continuous monitoring of 
resting potential. A "slave" cathode ray tube was driven by the master oscilloscope, 
photographs of this second tube being taken by a Grass camera. External stimulating 
pulses were supplied by tektronix pulse generators. An arrangement for stimulating 
directly through the recording microelectrode was used  at  times,  but the stimulus 
artifact in this ease somewhat interfered with records of the local response. 
RESULTS 
For fifty-six satisfactory impalements of the same number of different axons, 
the mean resting potential value was 71.0 Inv., with a  standard error of 4-0.58 
my. Mean spike potential was 117.9 my., with a  standard error of 4-1.25 my., JOHN  C.  DALTON  533 
giving a  mean overshoot value of 46.9 mv.  However these mean values are 
somewhat arbitrary,  and  should be considered as such.  A  number of micro- 
electrode penetrations were obviously poor,  and  all axons showing a  resting 
potential of less than 60 Inv. were rejected, and are not included in the means 
given. Spike potentials showing "notching" as described by Tobias and Bryant 
were sometimes seen, but only from nerves which showed exceptionally low 
resting potentials (below 55 my.) and spike potentials (below about 60 Inv.), 
The postulate  of Tobias and  Bryant  that  this  notch represents conduction 
block  in  the  region  of  the  penetrating  electrode seems  to  us  a  satisfactory 
explanation. 
A phenomenon frequently observed was a  slow rise of the measured resting 
potentials immediately after  electrode penetration.  This  occurred for about 
10  minutes  after  penetration,  after  which  a  steady  value  was  maintained. 
Resting potentials sometimes rose as much as 10 or 15 Inv. during this period. 
This rise may represent some sort of repair of damage at the site of penetration, 
or  a  sealing  of  the  membrane  around  the  tip.  An  attempt  was  made  to 
correlate this rise with diameters of the microelectrodes, but results were not 
conclusive. 
Sodium 
The effects of changes in the external concentration of sodium ion on the 
action potential of the squid were studied by Hodgkin and Katz (1949). They 
found that considerable changes in external sodium had little or no effect on 
"the  resting  potential,  but  the  action potential was  considerably affected. A 
decrease in the external sodium concentration caused a  decrease in the action 
potential, which was of the same order of magnitude as for an ideal sodium 
electrode (i.e., a decrease of 58 my. per decade change of external sodium con- 
centration). The fit with the ideal curve was best for small changes in sodium, 
but there was a  considerable deviation from the ideal 58 Inv. slope at lower 
sodium concentration, the decrease in action potential being more than pre- 
dicted at  low external concentrations of sodium.  They also  found  that  the 
maximum rate of rise of the  action potential followed very much  the  same 
pattern, with decreasing sodium. 
Studies on changes of external sodium ion are more difficult than studies on 
changes of other ions, because the sodium ion makes up the predominant part 
of the normal external medium.  Thus a  small percentage change of external 
sodium may cause a  rather large change in osmotic pressure of the external 
solution. This deficiency must then be made up with some other ion, The ion 
used for substitution should, of course, be a large ion which does not penetrate 
the membrane, one which has no effect of its own on the nerve response, and 
one which exists as the chloride, so that the chloride balance may be held con- 
stant, since chloride is the chief anion in the external solution. Choline chloride 534  EXTERNAL  IONS ON  LOBSTER GIANT  AXON 
is the compound which has been most commonly used in sodium substitution 
experiments (Hodgkin and Katz, 1949; Hodgkin and Huxley, 1952).  However, 
there has been some suspicion that choline may have a  detrimental effect on 
some nerve preparations (Cole, personal communication). For this reason, on 
the lobster, in addition to using choline chloride as a sodium substitute, we also 
used in some experiments the common biochemical buffer, tris (hydroxymethyl) 
aminomethane. In order to bring the pH of the tris solution into the physio- 
logical range, it is necessary to convert a portion of the free base to the chloride. 
However, it does not all exist as chloride at a pH of 7.3-7.5, and when tris is 
20 my.  ~.~ 
FIG. 2.  Progressive  decline of spike from a  nerve in which  the external medium 
had  been changed  from normal solution  to one containing 25 per cent of normal 
sodium (superimposed tracings). Individual records were taken at intervals of approxi- 
mately 1.5 to 2 minutes. 
substituted for sodium,  the solution contains a  mixture of tris ions, chloride 
ions,  and tris as free base.  The total amount used was such as to keep the 
osmotic pressure constant. Thus the over-all chloride concentration is not the 
same as in normal physiological solution. Some experiments were performed 
using dextrose as the substitute for sodium chloride, in which case the external 
concentration of chloride was  very much reduced. In  the lobster,  little dif- 
ference could  be  distinguished  between  the  action  of choline  chloride,  tris, 
and dextrose. There may have been some small quantitative differences, but 
these did not appear to be significant. The general pattern one sees with re- 
duced external sodium on the lobster axon is very similar to that which Hodgkin 
and Katz obtained on the squid. After correction for changes in liquid junction 
potential with changed external solution, no significant change in resting po- 
tential could be detected with sodium reduced to as much as 25 per cent of JOHN C.  DALTON  535 
normal. Large decreases  in action potential amplitude and action potential 
rate of rise were seen, however. The progressive decline and change of wave 
form of the action potential from a nerve switched from normal sodium to 25 
per cent of normal sodium are shown in a  series of superimposed  tracings in 
Fig. 2. The decrease in spike amplitude is, in the lobster as in the squid, of the 
same order of magnitude as for an ideal sodium electrode. However, the lobster 
axon deviates more from the ideal than does the squid, especially at low sodium 
concentrations (i.e.,  there is more than 58 my. decline in spike amplitude per 
decade decrease  of external  sodium).  Quantitative measurements were made 
more  difficult by the fact that the decrease  of action potential in lowered 
external sodium does not seem to reach a completely  steady state, but after 
an initial rather large  decrease  shows a  slower droop as the nerve remains 
longer in the reduced sodium solution.  Conduction block sometimes occurred 
when sodium was reduced  below 50 per cent of normal. ~hese effects were, 
however, all completely reversible in either choline chloride, tris, or dextrose. 
In one experiment, a nerve was kept in isotonic dextrose for 30 minutes, after 
which it showed complete recovery. 
No attempt was made to increase the external concentration of sodium ions, 
because  of the difficulties involved,  entailing a  considerable  increase  in  the 
external osmotic pressure. 
Potassium 
Changes  in  potassium  ion  concentration  in  the  external  medium  were 
compensated  for  by  changes  in  sodium  chloride,  since  the  corresponding 
percentage  change  of sodium  chloride  is  very small  for a  large  percentage 
change of potassium chloride. 10 millimolar potassium was taken as the reference 
concentration of external potassium,  and nerves were changed from 10 m~r K  + 
to the experimental  concentration desired. The effects of changes of external po- 
tassium on the membrane resting potential are shown in Fig. 3. The numbers 
corresponding to the points given on the graph are the number of changes be- 
tween normal potassium concentration and the experimental concentration,  of 
which the point is the average. Five axons were used to obtain these points. The 
curve is drawn as the best curve through the experimental points obtained. The 
dashed portion of the curve (K  + concentration higher than 50 m~) is an extra- 
polation, and is  the 58 inv. line  (i.e.,  the  change  in resting  potential which 
would be predicted for an ideal potassium electrode). As other workers have 
found in nerve and muscle (Curtis and Cole, 1942; Jenerick,  1953), the 58 my. 
slope is obtained only at high external potassium concentrations.  In these ex- 
periments,  the external potassium concentration was not increased above 50 
mm because at  such  high  concentrations  irreversible  changes in membrane 
potentials occurred.  The general shape  of the curve shown in Fig. 3 is quite 
similar  to  that obtained on  the  squid  by Curtis and  Cole (1942). In their TT
preparation, too, the straight line 58 my. relationship was obtained at higher 
potassium concentrations only. Attempts have been made (Jenerick, 1953; 
Adrian, 1956) to fit such points as those given here to the Goldman constant 
field equation (Goldman, 1944). Such attempts have met with varying amounts 
of success. Since the Goldman equation requires that the internal concentra- 
tions of potassium, sodium, and chloride be known, precise attempts at fitting 
the lobster data to the Goldman equation were not possible. However, if one 
assumes for the lobster internal concentrations of ions which are known for the 
squid (which may have some basis, since both are marine invertebrates), one 
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FIa. 3. Effect of changing external potassium concentration on membrane resting 
potential. The potassium concentrations are plotted on a logarithmic scale. The 
numbers beside the points represent the total number of measurements, of which the 
point is the mean. Standard errors range from q-0.4 my. (for the point at 15 m~ K +) 
to ~-2.4 my. (for the point at 50 m~ K+). 
can make an attempt at fitting these data to the Goldman equation. Little 
success was obtained with these attempts. The curve can be made to fit at 
higher K + concentrations, but in such cases it fails to do so by a considerable 
amount at lower K + concentrations, Indeed, in these mathematical manipula- 
tions one obtains a negative permeability ratio for chloride:potassium, em- 
ploying the Goldman equation in the form used by Jenerick (1953). Such a 
negative ratio makes little sense in these considerations, and it is tentatively 
concluded that the Goldman equation does not describe the situation in the 
lobster, at least when ion permeabilities are assumed to remain constant with 
changes in the external potassium concentration. 
Action potential amplitudes are of necessity decreased when the resting 
potential is decreased (unless the overshoot should actually increase). However, jom~ c.  I)ALTON  537 
in these experiments the action potential  decreased more  than could be ac- 
counted for by resting potential decrease. The action potential is reduced to 
zero  (not  suddenly  blocked,  but  progressively  reduced)  when  the  resting 
potential falls below about 55 my. in high potassium solutions. This seems to be 
in good agreement with data from the squid giant axon (Curtis and Cole, 1942). 
Effects obtained by changes in external potassium concentration up to 50 
nm external potassium were  completely reversible.  The  time course for the 
change in the experimental solution was the same as that for recovery upon 
return to the reference solution, a steady state value being obtained after about 
5 minutes. 
Calcium 
Changes in external calcium ion were roughly compensated by changes in 
external sodium ion. In the case of calcium, as for potassium, the percentage 
change of sodium required to maintain osmotic balance is quite small in pro- 
portion to the percentage change in the calcium. 
The choice of a normal external concentration of calcium is not easily made. 
In  sea  water,  calcium  concentration is  approximately  10  rnM, while in  the 
lobster perfusion solution of Cole,  25  rn~ is the  standard concentration. In 
these experiments,  25  rnM was used as the reference calcium concentration. 
There is evidence that the blood calcium in the lobster undergoes rather wide 
fluctuations (W. H. Cole, 1941);  this is related to the molt cycle in the spiny 
lobster (Travis, 1955) and probably in other crustaceans. Information as to the 
effect of changing external calcium concentration on membrane potentials in 
invertebrate axons is not available. However, in bundles of myelinated fibers 
(Straub,  1956;  Stiimpfli and Nishie,  1956),  a  reduction in  external  calcium 
causes a reduction in resting potential. 
The effect of changing external calcium on resting potential in the lobster 
giant axon is shown in Fig. 4. The numbers beside the points are the number 
of changes between 25 mM and the experimental concentration, of which the 
point is the average. It should be pointed out that the figures for zero external 
calcium do not represent a  complete steady state value. There was some evi- 
dence that the resting potential continued to fall slightly as the nerve remained 
in zero calcium. Extreme precautions were not taken to reduce the calcium to 
an absolute minimum value, and may not be feasible when the axon is still in a 
whole nerve bundle. The figures for zero calcium are thus only nominal zero 
values. The saturation effect on resting potential shown in external concentra- 
tions above about 20 mM may be compared to other saturation effects seen in 
other studies of calcium (see Brink, 1954). 
The time course of change of membrane potentials in a  preparation which 
was switched from 25 m~ to zero calcium is shown as a typical experiment in 
Fig. 5. Some interesting points may be brought out in reference to this figure. 538  EXTERNAL IONS ON  LOBSTER GIANT  AXON 
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It is seen that resting potential starts to decline as soon as the nerve is put in 
zero calcium, and continues to do so until it reaches an approximate steady 
state value.  However,  the  overshoot initially remains  constant,  and  so  the 
observed initial decline in the action potential is the result only of the decrease 
in the resting potential. After this delay, however, the overshoot also shows a 
decline. The time course for recovery from low calcium is considerably more 
rapid than the manifestation of the effects of low calcium. The effects of changes 
in calcium concentration are virtually completely reversible. 
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Fro. 6.  Initial changes  in  action  potential from  a  nerve  in  which the  external 
medium had been changed from normal solution (25 m~r calcium) to one c~ntaining 
zero calcium  (superimt~sed  tracings).  Spike labelled  C is normal;  B  and A  show 
progressive response to low c.aldum, and were taken at about 8 and 12 minutes from 
beginning of treatment, respectively. 
Changes in external calcium concentration also have a marked effect on the 
form of the action potential. In lowered calcium, the duration of the action 
potential is decreased (as is its magnitude). An "undershoot" (the recovery 
phase of the spike undershoots the baseline, the internal electrode becoming 
momentarily more negative than the steady state resting potential), which is 
not present in the usual external solution develops in low calcium solution. This 
undershoot is apparently characteristic of the action potential from the squid 
giant axon, and is regularly larger than the one from the lobster axon developed 
in low calcium fluid. In high calcium solutions, the opposite of an undershoot 
is seen: the potential is slow in returning to the baseline. The magnitude of the 
action potential does not change when external calcium is increased from 25 to 
50 mM. The variation in action potential wave form is shown in Fig. 6, which 540  EXTERNAL  IONS  ON  LOBSTER  GIANT  AXON 
shows the initial changes which occur in low calcium solution. These tracings 
are taken from the same experiment as the one used in Fig. 5. 
Reduction in external calcium concentration is known to produce repetitive 
activity in a  variety of excitable  tissues  (for  review  of calcium  effects,  see 
Brink, 1954). Such activity resulting  from reduced calcium sometimes occurs 
in the lobster axon, but its occurrence was the exception rather than the rule. 
The repetitive activity was of a slow spontaneous type (no external electrical 
stimulus was applied)  with a  frequency in the order  of 1/second.  A  single 
electrical stimulus gave only a single response; other treatments (such as with 
veratridine)  causing  repetitive activity may result  in  the  appearance  of a 
train of impulses to a single stimulus.  Characteristics of repetitive activity in 
the lobster axon induced by a  variety of conditions  will be  discussed  in a 
subsequent paper (Dalton, data to be published). 
Magnesium 
In some preliminary studies on the squid giant axon, K. S. Cole and coworkers 
(personal communication) found that magnesium will substitute completely 
for caldum in external medium in the prevention of spontaneous repetitive 
activity. It is apparently true in the squid that the total external divalent 
cation concentration is the important factor in the control of repetitive activity. 
It makes no difference whether the medium divalent cation complement is 
completely calcium, completely magnesium, or a combination of the two. 
The concentration of magnesium ion in the blood of the lobster is considerably 
below that of sea water (8 nm versus 50 rn~r in sea water). It might then be 
expected  that  magnesium might  have  a  considerable  effect  on  membrane 
potentials in lobster nerve,  since  the lobster apparently expends  energy in 
extruding magnesium ions.  Other  marine  crustaceans have  been  shown  to 
excrete magnesium in the urine.  (For references see Prosser ,t d., 1950.) 8 rn~ 
magnesium was used as the reference concentration in these experiments.  If 
the calcium concentration is kept constant at 25 mu~ and the magnesium con- 
centration varied between zero and 50 nm, no effect on resting or action poten- 
tial can be observed. Likewise, if the external calcium is reduced to zero and 
the resting and action potentials  allowed  to  fall  to  a  steady value,  then 
variations  in magnesium between zero and 50 nm have no further effect on 
changes in resting and action potentials. 
It is concluded from these experiments  that magnesium ion has little or no 
role in the lobster giant axon's ability to maintain transmembrane potentials. 
Data for membrane potential variation with changes in external magnesium 
in the squid giant axon are not available.  It would seem likely, however, in 
view of magnesium's ability to substitute for caldum when repetitive activity 
is the measured parameter, that magnesium can also substitute for calcium in 
the control of membrane potentials. JOHN C.  DALTON  541 
DISCUSSION 
The effects of changes in external cation concentration on the lobster giant 
axon are similar  to those which have been obtained on the squid in several 
respects. The results with external potassium are almost identical to the results 
obtained by Curtis and Cole (1942). In the case of sodium, the effects are in 
the same direction and of the same order of magnitude, differences being only 
quantitative,  in  comparison  with  the  results  found  by Hodgkin  and  Katz 
(1949). 
The  situation  in  regard  to calcium and  magnesium  is more complicated. 
Information as to the effects of these ions on membrane potentials in the squid 
is not available. It is known that reduced external calcium causes a  drop in 
resting  potential  in myelinated nerve  bundles  (Stgmpfli  and  Nishie,  1956). 
However, Wiedmaun (1955) reports that changes in external calcium had little 
effect on the size and shape of the action potential or the value of the maximum 
diastolic membrane  potential  in  Purkinje  fibers of sheep.  Although  present 
evidence is not conclusive,  information  obtained in this laboratory indicates 
that lowering  external calcium probably does reduce the resting potential in 
the squid. 
The  lack of effect of external  magnesium  on membrane  potentials  in the 
lobster was unexpected. Interaction between magnesium and calcium as regards 
membrane  potentials  was  not  demonstrated.  However,  in  addition  to  the 
interaction on influence of repetitive activity already mentioned for the squid, 
Adelman (1956) reports that both magnesium and calcium must be reduced to 
induce spontaneous activity in some of the motor fibers in the lobster leg nerve. 
Whether lobster giant axon and squid giant axon will prove to have the same 
responses to external calcium and magnesium when identical parameters are 
measured can be only speculative at this time. Even if they should prove to be 
different, a rather simple  tentative explanation could be advanced to explain 
the difference:  it could be postulated that calcium has specific sites somewhere 
in the "membrane," and this "fit" is more critical in cases where magnesium 
will not substitute for calcium than when it will. 
Inasmuch as considerable attention has been given to the possible extension 
of the Hodgkin-Huxley model to nerves other than the squid giant axon, it is 
important to demonstrate whether the effects of external ions are similar  in a 
variety of nerve preparations.  More experiments with other giant  axons are 
contemplated. 
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